1 Introduction and statement of results. The time-independent form of the (reduced) Maxwell equations describe the wave propagation of the scattered electromagnetic elds E; H in a homogeneous, isotropic, and perfectly conducting medium, occupying a domain in R 3 . The boundary value problem naturally associated with these equations reads curl E ? ikH = 0 on ; curl H + ikE = 0 on ; n Ej @ = A:
Here k 2 C depends only on the electric and magnetic characteristics of the medium, n is the outward unit normal to @ and the Cauchy datum A is a given tangential vector eld on @ (see 3]). Throughout this paper we shall assume that k satis es Im k > jRe kj.
For a bounded domain R 3 with smooth boundary, i. e. @ 2 C 2 , the Maxwell boundary value problem (M 3 ) was solved in the early 1950's by using layer potential techniques and relying on compactness arguments ( 14] , 11], 12], 1]). Also, Weyl 15 ] indicated how to extend this work to higher dimensions.
More recently, the smoothness assumptions have been relaxed to include C 1 domains in the three dimensional Euclidean space ( 10] ) and even domains with Lipschitz boundaries in R 3 ( 9] ). Furthermore, a comprehensive approach to the C 1 and Lipschitz case in the higher dimensional setting has been developed in 8]. For general Lipschitz boundaries, the main di culty is that compactness type arguments cannot be used directly. This di culty was overcome in 9] by establishing the relevant so called Rellich identity for vector elds satisfying the Maxwell system in R 3 . Subsequently, these have been generalized to include di erential forms of arbitrary degree in 8]. We also refer to this later paper for more on the history of the subject.
The research reported here is a natural continuation of the work in 10], 9] and 8]. To explain our main results, we rst need to introduce some notation.
Let us note that (M 3 ) can be regarded as a special case (m = 3) of the following general Maxwell boundary value problem in R m which we shall consider. Given a Lipschitz domain in R m , m 3, 0 l m, determine a (l + 1)-form E and a l-form H, smooth in and such that
Here d and are the exterior derivative operator and its formal transpose, respectively, and ( ) denotes the usual nontangential maximal operator.
As explained in 8], the solvability of (M m ) rests on the invertibility of 1 2 + M l on l L p; t (@ ) and l L p t (@ ), respectively. Here l L p t (@ ) is the linear space of tangential l?forms with coe cients in L p (@ ), l L p; t (@ ) is the Sobolev space of l-forms A in l L p t (@ ) for which @ A belongs to l?1 L p; t (@ ) ( @ is essentially the transpose of the restriction of d to @ ; precise de nitions will be given later). Also, the Maxwell boundary singular integral operator M l is given by the principal value integral operator acting on a l?form A on @ by
Here is a certain radial fundamental solution for the Helmholtz operator 4 + k 2 in R m (see x3).
For X a Banach space and T : X ! X a bounded, linear operator, let (T; X), 0 (T; X) C stand for the spectrum and the point spectrum of T, respectively. Also, let (T; X) := C n (T; X), r(T; X) := max fj j; 2 t (@ )) :
Moreover, if the right-hand side of the above estimate is 1 2 then the inequality sign is actually strict. 
with convergence in the strong operator norm.
Before we start the major part of this work, we introduce some notation. Recall that R m is called a Lipschitz (or C 1 ) domain if its boundary is given locally by the graph of a Lipschitz function (or C 1 function, respectively). We set + := and ? := R m n . For a di erential form E de ned in , the nontangential maximal function E is given by E (X) := sup Y 2? (X) jE(Y )j, where j j refers to the Euclidean norm. Here ? (X) denote the interiors of the two components (in + and in ? ) of a regular family of circular, doubly truncated cones f?(X); X 2 @ g, with vertex at X, as de ned in e.g. 13] . Also, the boundary traces of di erential forms de ned in are assumed to be taken as nontangential limits almost everywhere with respect to surface measure on the boundary.
In the sequel, it will be important to approximate the Lipschitz domain , from the interior or from the exterior, with sequences of smooth domains f j g j as in 13]. We shall denote such approximating sequences by j " and j # , respectively.
2 The algebra of di erential forms. Let A be an algebra of complex valued functions de ned in a given subset of R m . We shall let l A with E I 2 A for all multi-indices I 2 f1; 2; :::; mg l . We shall adopt the convention that P 0 indicates that the sum is performed only over strictly increasing multi-indices I. Furthermore, dx I stands for dx i 1^d x i 2^: : :d x i l if I = (i 1 ; i 2 ; :::; i l ). We shall also allow multi-indices I which are not necessarily increasing in which case we assume that the coe cients fE I g I are skew-symmetric in I. More speci cally, if I J is the sign of the permutation taking I into J, we shall assume that E I = I J E J , for any I; J. In this fashion, the exterior product ^E is well de ned whenever 2 A m and E 2 l A. Also, _ E will denote the interior product of and E.
The basic elementary properties of these operators are collected in the following lemma.
Lemma 2.1 For ; 2 A m and E 2 l A, F 2 l?1 A, the following are true: 
Next, we describe a Green type integral representation formula for differential forms with metaharmonic coe cients. Lemma 3.2 Let E 2 l C 1 ( ) (in the case in which E is de ned in ? , E is also assumed to decay at in nity) be such that (4 + k 2 )E = 0 in and, for some 1 < p < 1, E ; (dE) ; ( E) 2 L p (@ ). Then E, dE, E have nontangential boundary traces in L p (@ ) and
This follows from the fact that the identity is valid in the smooth case plus a familiar limiting argument, cf. 8].
4 Sobolev spaces of di erential forms on the boundary. Let be a bounded Lipschitz domain in R m . A di erential form E de ned a.e. on @ is called tangential if n _ E = 0 a.e. on @ , and normal if n^E = 0 a.e. on @ . The tangential component of E, E t , is given by E t := n _ (n^E), whereas the normal component is given by E n := n^(n _ E). Note that E = E t + E n and hE t ; E n i = 0, so that jEj 2 = jE t j 2 + jE n j 2 . for all 2 l+1 C 1 (R m ).
We record the following lemmas for later use. to the boundary of , our lemma follows by combining this estimate with those derived from Lemma 5.1. The general case follows by working on a sequence of approximating domains j " and by using a standard limiting argument. 2 6 The proof of Theorem 1.2. Before we proceed with the proof of the theorem, let us explain some notational conventions which we shall use several times. Below, A B will stand for A(s) CB(s) for some positive constant C, uniformly in the parameter s. Also, (small) and (large) will denote positive constants which we may take, respectively, as small and as large as we want. Finally, Comp will stand for generic compact operators on L 2 (@ ).
Let us rst deal with (1). Let X be a certain connected, unbounded subset X of C n D(0; 1 2 ). The estimate we shall eventually prove is that for each xed 2 X, we have
uniformly for A 2 l L 2; t (@ ). Assuming this, it follows + M l is bounded from below, modulo compact operators, on l L 2; t (@ ) and, in particular, +M l has closed range on l L 2;
Therefore, the above analysis shows that (M l ; l L 2; t (@ )) (C n X). Consider now A 2 l L 2; t (@ ). The estimate (6.1) will be an obvious consequence of
Let us rst consider (6.2). For A 2 l L 2; t (@ ), set E := dSA and let I, II denote the right-most two integrals in the right hand side of (5.1).
Obviously, II = 0. 
Using the Green representation formula (3.1) for E, going to the boundary and applying n^ on both sides, we nally arrive at From the second remark made at the beginning of this section and Hodge duality we have that the spectral radii of M 0 and M 2 are < 1 2 . Consequently, the conclusion follows from (1) of Theorem 1.2.
